Abstract. This paper describes an analysis of the floristic composition and ecological relationships of the Jibat forest, a large remnant humid forest in western Shewa, Ethiopia. The description was based on cover-abundance data for both woody and understorey species. The environmental analysis included altitude, slope, aspect, and physical and chemical soil properties. The application of classification and ordination methods resulted in the recognition of eight community types, which could be arranged along an altitudinal gradient. Organic matter, cation exchange capacity, phosphorus, and silt are positively correlated, while clay, electrical conductance and magnesium are negatively correlated with altitude. A clearer result was obtained when Canonical Correspondence Analysis was applied only to the woody species composition.
Introduction
At present, forests on the Central Plateau of Ethiopia occur only in a few isolated patches. They are probably remnants of forest vegetation that had a much wider extension in the past. There are no exact figures available on the original forest cover of the Central Plateau, because deforestation has occurred for thousands of years. According to an estimation of Sayer et al. (1992) , montane forests do not cover more than 47 256 km2 today, i.e. only 2.4 % of the total land area of the country.
Remnant forests are mainly found above 1800 m; they constitute part of the Afromontane floristic region of White (1983) . Studies on the vegetation of Ethiopia on a national basis are scanty, and quantitative contributions to the understanding of the vegetation of the Central Plateau are few. The forests of Ethiopia have served and still serve as a source of food, fuel, construction material, farm implements, and medicine to the rural population.
More than 88 % of the Ethiopian population live in rural areas (Anon. 1988) . The ever increasing demand for forest products and forest land, together with the alarming rate of population growth (ca. 3 %/yr, Anon. 1988) has put the remaining patches of forests on the verge of extinction. A detailed quantitative and qualitative description of the remaining forests is necessary and timely as it will form the basis for future studies or plans to manage and restore these vanishing resources.
This study aims at: (1) describing the natural forest vegetation type of Jibat, the largest forest area left, and (2) understanding the ecological relationships between the vegetation and the physical environment, using multivariate methods. Special attention is paid to the problem of how to arrive at an effective classification and how to effectively describe vegetation-environment relations in an unknown and inaccessible area.
The study area
The Jibat forest is situated in western , ca. 200 km west of Addis Abeba (Fig. 1) . The forest covers an area of ca. 32 000 ha. The main part of the forest stretches between 2000 and 3000 m a.s.l. Towards the southwest the forest extends to lower altitudes over a wider area forming a mosaic of small woodlands and farmlands. According to Daniel (1977) the whole forest region belongs to the 'moist subhumid moisture region' with an average rain-Pre-Cambrian rocks underlie all superficial rock formations in Ethiopia, and basalts are the main rock type forming the substrate for the plateau soils. Soils on hillsides and steeper slopes are red to reddish-brown. Westphal (1975) classified these soils as alfisols with udalfs as the main suborder. The alfisols are characterized by a sub-soil horizon with an increased clay content, in which the base status increases with depth (Lathwell & Grove 1986) . There is no record of the history of the forest and it is difficult to ascertain its degree of naturalness. The montane forest vegetation of most parts of tropical Africa is heavily influenced by man, so that secondary forests in various stages of regrowth prevail nowadays (Friis 1992 ). Since age determination of trees in the tropics is usually impossible, it is difficult to estimate the age of these forests. Human impact in the Jibat forest, notably forest clearing and tree felling, is evident at the edges and at some places in the interior of the forest. There is one sawmill which is not functioning any more; commercial exploitation is ETH 4 (DOS 450), Sheet: 0837 A2, and 0837 A4, Edition: 1 EMA/DOS 1977] at scale 1:50000, which appeared to be still actual (Fig. 1 ). Stands were selected as far away as possible from settlements and where human influence was apparently minimal. Tracks used by people who collect honey and leaves of wild Rhamnus prinoides shrubs (an important ingredient in locally brewed beverages) were followed to get reach remote areas. Logistics and security problems did not allow an analysis of the whole forest. The area traversed for this study amounts to ca. 80 % of the total forest. The Jibat forest is much dissected by rivers and their tributaries, and for the most part the terrain consists of alternating valleys and ridges. As a result, there is a considerable variation in habitat factors within short distances.
Representative stands were selected on the basis of homogeneity and visually checked for uniformity in floristic composition. In order to avoid heterogeneity of the floristic composition, the plot size was limited to 30 mx 30 m (cf. Westhoff & van der Maarel 1973; Hommel 1990 ). Where the topography and slope made this size impractical, the plots were smaller, but never less than 25 m x 20 m. A total of 77 sample plots from a wide range of altitudes, slopes and aspects were included.
The field work was performed from November 1988 to January 1989 and December 1990 to February 1991 The vegetation description was based on the complete floristic composition of the plant communities following Braun-Blanquet (see Westhoff & van der Maarel 1973) . Because uniformity of the canopy is easier to check over a larger area than uniformity of the field layer, some authors restricted their sampling to the trees or woody species only (Poore 1955b; Greig-Smith 1969a; Hall & Swaine 1981) , or trees of certain diameter classes (e.g. Gentry 1988 , see Hommel 1990 . In the present work all trees and shrubs of DBH (diameter at breast height) > 2 cm were measured as to height and DBH. Cover/abundance values were estimated for all tree and shrub species following the Braun-Blanquet scale as modified by van der Maarel (1979) . Additional species occurring in the immediate vicinity of the plot (usually 10 m around) were recorded only as 'present'; they were not used in the subsequent data analysis. The field layer was analysed in a subplot which was selected after visual inspection. Considering the low herbaceous cover, poverty in species, and overall uniformity of the field layer, only one 2 mx 2 m subplot was located where the vegetation appeared representative. Cover/abundance values for all herbaceous species and the cover of litter were estimated. Additional species occurring outside the subplot but within the plot were recorded as 'present', but not included in further data analysis. Identification of plant species, apart from those readily identifiable in the field, was done at the National Herbarium, Addis Abeba University.
Site description and soil analysis
For each plot, altitude (m a.s.l.), slope (?), and aspect were determined. Aspect, linked to total solar energy, was codified according to Zerihun et al. (1989) , with the following modifications: N = 0, E = 2, S = 4, W = 2.5, NE = 1, SE = 3, SW = 3.3, NW = 1.3, Ridge top = 4. Soil samples were taken and prepared as follows. A composite sample was made from five different points (four at the comers and one in the middle of the plot; variation in microrelief was avoided. The samples were initially taken from the following depths: 0-10, 10 -20, 20 -30, 30 -40, 40 -50, 50 -60 cm, or less for shallow soils. After mixing, a representative sample of 1 -1.5 kg of each layer was collected. As it was not possible to obtain samples from all depths for all sites, only values from the top three layers were used in the subsequent data analysis.
Soil analyses were carried out at the Soil Laboratory of the Ministry of Agriculture, Addis Abeba, following standard procedures outlined in Allen (1989) . The samples were analysed for texture (hydrometer method), with the categories sand, silt and clay (expressed as % weight); organic matter (Walkely-Black wet oxidation, % dry weight), pH and electrical conductivity (mmhos/ 1), both in 1:1 soil-water suspension; available phospho- (Anon. 1990 ).
Results and Discussion

Classification
Out of 77 original releves, two (28 and 73) were set aside. They were recognised as outlier releves by TABORD; the former was subsequently described as a one-releve cluster (see below). 53 tree and shrub species and 39 herbaceous species were identified. A total of 131 species of trees, shrubs and herbs were described from either within, or in the vicinity of, the sample plots.
Seven community types were derived from the classification using TABORD. The decision on the number of clusters was based on results obtained with the CALCOM procedure (Noest & van der Maarel 1989) , a program which computes the optimal level of clustering by comparing within-and between-cluster similarities. The seven community types were also distinguishable from TWINSPAN results at the 4-level of division, with slight modifications. Thus, from a floristic viewpoint, a seven-cluster solution was considered optimal. The clusters were then summarised by subjecting them to SYNOP (van der Maarel et al. 1987 ), a program that calculates a synoptic cover-abundance value, which is the product of frequency and cover-abundance. Synoptic cover-abundance values for the most important species are shown in Table 1 . Cluster numbers in the tables correspond to numbers of the community types below.
Arundinaria alpina type
The tree species Hagenia abyssinica and Rapanea 
Ilex mitis-Rapanea simensis type
The associated trees and shrubs include Apodytes dimidiata, Galiniera coffeoides, Olinia aequipetala, Maytenus addat, Nuxia congesta, Olea hochstetteri and Psychotria orophila. The field layer is dominated by Oplismenus compositus and Carex spicato-paniculata. The Ilex mitis-Rapanea simensis type is found in the interior of the forest and hence is the least disturbed type. It is generally found between 2500 and 2800 m; it is a high-altitude community; species like Rapanea simensis are mainly restricted to this range. 
Olea hochstetteri-Olinia aequipetala type
Regarding its floristic composition, this community is similar to type 3. However, Ilex mitis and Galiniera coffeoides are very rare here. Oplismenus compositus is Relating the classification to environmental variation
In order to characterize the community types derived from those environmental variables which optimally predict the classification, program DISCRIM was applied to the results from the TWINSPAN classification. Note that the final cluster structure (Table 1) is not identical with the TWINSPAN result. As Table 2 The cluster 3 + 4 is divided into two groups at the fourth level of the division with soil texture as discriminating factor. A similar within-cluster division can be noticed in the distribution of the herbs Oplismenus compositus and Hypoestes trifiora. The former is found abundantly on clayey soils while the latter is found more on silty soils. The Arundinaria alpina type is split into two subtypes at the second level of the division based on differences both in species composition and environ- (Richards 1952 ). There is a strong correlation between silt and altitude whereas clay is negatively correlated with both variables.
The high organic matter content in soils at higher altitudes (Richards 1952) has been shown for various forests (e.g. Whitmore & Bumham 1969; Edwards & Grubb 1977) , and African soils in general (Birch & Friend 1956 ). Bouxin (1976) observed a similar increased correlation between organic matter and slope for a forest in Uganda. Lower temperatures at high altitudes combined with the greater wetness in humid regions decrease the rate of mineralization of the organic matter and hence lead to the accumulation of organic matter.
The other correlations between nutrients can be attributed to the parent material. The overriding importance of soil parent materials over climate in determining the distribution of forest types on tropical mountains has been pointed out by Grubb & Whitmore (1966) .
Ordination
There is a general agreement between the ordination and classification results. The CCA of the woody species only and of all species together gave similar results, but omission of the herbaceous species improved the (Austin & Greig-Smith 1968) . The eigenvalue for axis 1 of the woody species CCA is higher than that for the ordination of all species (0.57 against 0.44).
The following trends can be observed (Fig. 2a) .
Altitude, organic matter, P, and cation exchange are the most important variables determining variation in species composition along axis 1. Soil texture (clay and silt), Mg, slope, electrical conductivity, and to a lesser extent Na and K, also contribute to this variation. Calcium, pH and sand are the most significant variables along axis 2. Along axis 1, type 1, Arundinaria alpina, with a high content of organic matter and P, is differentiated from the other types. This type is found at higher altitudes and on steeper slopes. The silt content of the soils of the Arundinaria type is significantly higher than in the types at lower altitudes, while the clay content shows the opposite trend. Also electrical conductivity is lower at higher altitudes, reflecting a low base saturation.
As seen in Fig. 2a , clusters 3 and 4 are clumped because of the masking effect of the dominating factor altitude. Further environmental variation may be displayed when the ordination is applied after removing the outlier group (cf. Haeck et al. 1982; Zerihun & Backeus 1991) , i.e. the Arundinaria alpina type. Along axis 1, altitude is still the main variable determining variation in species composition (Fig. 2b) , while N and slope are the most important variables along axis 2. Communities at high altitudes are found on steeper slopes and on soils with a high N content, which is related to the accumulation of organic matter at high elevations.
Human impact
The long history of human impact on the vegetation may obscure the differences between the effects between natural and man-made processes. As a result, it is difficult to say whether a species appears in a particular vegetation because it is a natural part of it, or whether it is related to human influence (Friis 1992) . There is no palynological evidence for vegetation changes in this area. Upper Quaternary pollen diagram studies from the Danka valley, SE Ethiopia, (at 3830 m), indicate signs of human disturbance about 8000 yr ago (Hamilton 1982) . Similar evidence from ca. 1850 B.P. has been obtained from pollen core studies on Mt. Badda (4040 m) on the western escarpment of the SE Highlands. A major vegetation change during this period, the widespread destruction of Podocarpus forest, has been at- There is a distinctly defined high-mountain Arundinaria alpina zone in Jibat; at lower altitudes it occurs only in certain local habitats (e.g. valley bottoms). The bamboo zone is considered to be a natural component of the moist montane forest in East Africa (O. Hedberg 1951) . Elsewhere in Ethiopia, Arundinaria alpina has been reported from scattered stands, e.g. in the forests of Wadera (Friis 1992) , but the extensive stand in Jibat may be the only one on the Central Plateau of Ethiopia. Hamilton & Perrott (1981) est. This may be due to the high elevation. White (1983) confirmed that most of the Afromontane rain forest species are rather similar to the Guineo-Congolian species and have their closest relatives in the lowland tropics rather than in the highlands.
In a phytogeographical analysis of East Africa, Coetzee (1978) The 'Undifferentiated Afromontane forest' and 'Afromontane rain forest' sensu Friis (1992) are characterized by a mean annual rainfall of 700 -1100 mm and 700 -1500 mm, respectively. Daniel (1977) estimated a mean annual rainfall between 1000-1400 mm for western Shewa. White's (1983) 'Afromontane rain forest' occurs at an annual precipitation range of 1250 -2500 mm. The mean annual rainfall estimates by Daniel (1977) and Friis (1992) are much lower than the actual mean annual precipitation of 1800 mm at Jibat. The climatic inferences made for different geographical regions in Ethiopia suffer from the lack of detailed data and several generalizations appear to be oversimplified . The relatively few stations generating field data, and the irregular topography of the country result in locally uncertain situations as to rainfall (Liljequist 1986 ). The present distribution data are still very schematic. The floristic data and the annual precipitation data indicate that the Jibat forest is more related to the forest vegetation described by Friis (1992) as the Afromontane rain forest' regime.
Conclusions
The phytosociological-ecological approach followed in this study has proven to be effective in the description of vegetation types and vegetation-environment relationships in a hitherto unknown area of Afromontane forest. The combination of a network classification (TABORD) and CCA ordination has been effective.
Considering its efficiency and versatility as compared to other classificatory methods (e.g. Poore 1955a,b; Moore 1962; Moore et al. 1970; Werger 1974) , the phytosociological approach could be more widely used in the study of Afromontane vegetation.
This should be seen in the light of the general scepticism about the effectiveness of the phytosociological approach in the study of tropical vegetation (e.g. van Steenis 1958; Werger 1974; Hommel 1990) . The central argument is the high species richness of the forests which requires a very large plot size for sampling, which in its turn implies an uncertainty as to how to delimit the stand.
This makes the approach impracticable. However, GreigSmith (1969b) , making a distinction between African rain forests and other tropical rain forests, pointed out that African forests are species-poor and amenable to traditional approaches of classification. There is further evidence indicating that certain African forests are relatively poor in species (Hamilton 1976) , while the woody Afromontane floras of Ethiopia and West Africa are mentioned as particularly species-poor (White 1978 ).
The sampling scheme followed in the present study, has proven to be efficient. The comparison presented in this study suggests that the overall pattern of ordination of the stands reflects the environmental variation in an effective way (e.g. Table 1 ). It has been shown that more meaningful interpretations of ecological variation can be made by considering only the woody species (i.e. trees and shrubs), and by eliminating herbaceous species from the ordinations. In environments where taxonomic knowledge of the local flora is limited, satisfactory classification and ordination results may be obtained by dealing only with the relatively well-known and readily identifiable woody species and avoiding the less conspicuous and rare herbaceous species.
Another important aspect of vegetation that is often neglected in the study of plant communities, is the investigation of the structure. The importance of structure as a possible indicator of environmental factors (e.g. Barkman 1979; Lawesson 1990) , and a criterion for delimiting plant communities (Barkman 1979 
